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Abstract
Within thermodynamic models of gravity, where the universe is considered as a fi-
nite ensemble of quantum particles, cosmological constant in the Einstein’s equations
appears as a constant of integration. Then it can be bounded using Karolyhazy uncer-
tainty relation applied for horizon distances, as the amount of information in principle
accessible to an external observer.
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The cosmological constant problem (that its theoretical and observed values differ by
many orders of magnitudes) is one of the biggest challenges in theoretical physics [1,2]. There
have been several proposals to solve this discrepancy, like considering cosmological constant
as a Lagrange multiplier, as a constant of integration, as a stochastic variable, anthropic
interpretation, probabilistic interpretation and so on [2]. In this article we will concentrate
on thermodynamic models of gravity [3, 4], where the cosmological constant arises in the
Einstein’s equations as a constant of integration.
Black hole thermodynamics, the Unruh effect and some other evidences suggest that the
gravitation has a fundamental connection to thermodynamics (see the review [4]). Within
thermodynamic models spacetime geometry emerges from the properties of the finite unified
ensemble of quantum objects (particles - spacetime atoms). In these approaches, there could
be avoided the problem of apparent disappearance of gravitational energy in geometric for-
mulations, since the system of Einstein’s equations is written as a single scalar equation of
the balance of gravitational and matter heat densities,
(
Rµν −
1
2
gµνR
)
lµlν = L2pTµν l
µlν , (1)
1
in the spirit of the first law of thermodynamics. In (1) Lp is the reduced Planck length and
lν is a null vector field,
gµνl
µlν = 0 , (2)
which is the independent variable (instead of the metrics tensor gµν) in the variational prin-
ciple of the model. Note that the scalar Einstein equation contains the same information
content as the usual tensor form because it is assumed that (1) holds for all lν .
The right hand side of (1) can be regarded as the matter heat density, what is obvious,
for example, for the case of ideal fluid using Gibbs-Duhem relation,
Tµν l
µlν → ρ+ P = TS , (3)
where T is the temperature and S is the entropy density of the fluid. The gravitational heat
density at the left hand side of (1) is the quadratic combination of covariant derivatives of
the null vector,
Rµν l
µlν = (∇νlν)
2
−∇µl
ν
∇νl
µ + (total derivatives) . (4)
Another advantage of the thermodynamic approach based on (1) is that a cosmological
constant, Λ, due to (2), can arise as an integration constant in the usual tensor form of
Einstein’s equations,
Rµν −
1
2
gµνR = L
2
p (Tµν + gµνΛ) , (5)
and is not connected with the large constant vacuum energy terms in matter Lagrangians.
The constant Λ needs to be fixed using an extra physical principle and can be identified with
the amount of information accessible to an eternal observer at the horizon [4], since we know
that information is a physical entity [5]. To find the numerical value of Λ we suggest to use
the Ka´rolyha´zy uncertainty relation [6], which bounds the ultimate precision of information
on spacetime fluctuations.
It is known that, due to the Heisenberg uncertainty relation combined with general rela-
tivity, spacetime distances cannot be measured with a better accuracy than [6]
δx ≈ L2/3p x
1/3 . (6)
On the other hand, the time-energy uncertainty relation gives that the energy of the minimal
spatial cell, δx3, cannot be smaller than
E ∼
1
t
. (7)
From these two estimations, it follows that for the horizon distances x ∼ 1/H , where H is the
Hubble constant, the minimal energy density in the universe, what can measure an external
observer, is
Λ ∼
H2
L2p
. (8)
This value coincides with the observed estimations for the dark energy [7] and can be used
to bound the integration constant Λ in the Einstein’s equations (5).
To conclude, in this small note we suggest to identify the cosmological constant, which
within the thermodynamic model of gravity appears as a constant of integration, with the
amount of information accessible to an external observer. Then its value can be obtained
using the Ka´rolyha´zy uncertainty relation applied to the horizon distances, which gives the
observed value of the dark energy in the universe.
2
References
[1] S. Weinberg, Rev. Mod. Phys. 61 (1989) 1;
M.P. Hobson, G.P. Efstathiou and A.N. Lasenby, General Relativity: An Introduction
for Physicists (Cambridge Univ. Press, Cambridge 2006).
[2] T. Padmanabhan, Phys. Rept. 380 (2003) 235, arXiv: hep-th/0212290.
[3] M. Gogberashvili, Eur. Phys. J. C 54 (2008) 671, arXiv: 0707.4308 [hep-th]; Eur. Phys.
J. C 63 (2009) 317, arXiv: 0807.2439 [gr-qc]; Int. J. Theor. Phys. 50 (2011) 2391, arXiv:
1008.2544 [gr-qc]; J. Mod. Phys. 5 (2014) 1945, arXiv: 1309.0376 [gr-qc];
M. Gogberashvili and I. Kanatchikov, Int. J. Theor. Phys. 51 (2012) 985, arXiv:
1012.5914 [physics.gen-ph]; Int. J. Theor. Phys. 53 (2014) 1779, arXiv: 1210.4618
[physics.gen-ph].
[4] T. Padmanabhan, Rep. Prog. Phys. 73 (2010) 046901, arXiv: 0911.5004 [gr-qc]; Mod.
Phys. Lett. A 30 (2015) 1540007, arXiv: 1410.6285 [gr-qc]; Entropy 17 (2015) 7420,
arXiv: 1508.06286 [gr-qc].
[5] R. Landauer, IBM J. Res. Develop. 5 (1961) 183; in Procideengs of Workshop on Physics
and Computation, PhysComp 92 (IEEE Comp. Sci. Press, Los Alamitos 1993);
L. Brillouin, J. Appl. Phys. 24 (1953) 1152; Science and Information Theory (Academic,
New York 1962); Scientific Uncertainty and Information (Academic, New York 1964).
[6] F. Ka´rolyha´zy, Nuovo. Cim. A 42 (1966) 390;
F. Ka´rolyha´zy, A. Frenkel and B. Luka´cs, In Physics as Natural Philosophy, eds. A.
Shimony and H. Feschbach (MIT Press, Cambridge MA 1982); In Quantum Concepts
in Space and Time, eds. R. Penrose and C.J. Isham (Clarendon Press, Oxford 1986).
[7] A.G. Cohen, D.B. Kaplan and A.E. Nelson, Phys. Rev. Lett. 82 (1999) 4971, arXiv:
hep-th/9803132;
M. Maziashvili, Int. J. Mod. Phys. D 16 (2007) 1531, arXiv: gr-qc/0612110; Phys. Lett.
B 652 (2007) 165, arXiv: 0705.0924 [gr-qc];
M. Rong-Gen Cai, Phys. Lett. B 657 (2007) 228, arXiv: 0707.4049 [gr-qc].
3
